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IN THE CLAIMS 

Please amend claim 4 as shown below. A complete listing of the claims is 
provided below. 

1 . (Previously Presented) A method of performing spatial processing in a 
wireless multiple-input mxiltiple output (MIMO) coiranunication system, comprising: 

obtaining a plurality of channel response matrices for a channel response of a 
MIMO channel in the MIMO system; 

computing a correlation matrix for the MIMO chamd based on flie plurality of 
channel response matrices; and 

decomposing the correlation matrix to obtain at least one steering vector for at 
least one spatial channel of the MIMO channel, wherein the at least one steering vector is 
used by a transmitting aitity for frequency-independent spatial processing of a data 
stream sent on the at least one spatial channel associated wi& the at least one steering 
vector. 

2. (Previously Presented) Themethod of daim 1, whCTeinthe pluitdity of 
chaimel response matrices comprise a plurality of channel impulse response matrices for a 
plurality of time delays of a charmel impulse response of the MIMO channel. 

3. (Previously Presented) The method of claim 1 , wherein the plurality of 
channel response matrices comprise a plurality of channel frequency response matrices 
for a diannel frequency response for a plurality of subbands of tlie MIMO channel. 

4. (Currently Amended) The method of claim 1 , wherein the computing of the 
correlation matrix for the MIMO chaimel includes: 
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computing a coirelation matrix of each of the plurality of channel response 
matrices to obtain a plurality of correlation matrices for the plwality of channel response 
matrices, and 

summing the plurality of correlation matrices for Ae plurality of chaimel response 
matrices to obtain the correlation matrix for the MIMO channel. 

5. (Previously Presented) The method of claim 2, wherein the computing the 
correlation matrix fir the MIMO channel includes: 

detennimng energy of each of the plurality of channel impulse response matrices, 
identtfying a chaimel impulse response matrix with highest energy among the plurality of 
channel impulse response matrices, and 

computing a correlation matrix of the channel impulse response matrix with the 
highest energy to generate the coirelation matrix for the MIMO channel 

6. (Previously Presented) The metliod of claim 1, wherein eigenvalue 
decomposition of the correlation matrix is performed to obtain the at least one steering 
vector for the at least one spatial channel of the MIMO oliannel. 

7. (Previously Presented) The method of daim 1, further comprising: 
sending the at least one steering vector as feedback information to the transmitting 

entity. 

8- (Previously Presented) The method of claim 1 , Trticrein the at least one 
steering vector is used by the transmitting entity to generate a plurality of transmit chip 
streams for at least one data stream sent on the at least one spatial channel of the MIMO 
channel, and wherein the plurality of transmit chip streams are transmitted from a 
plurality of transmit antennas at the transmitting entity. 
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9. (Previously Presented) The method of daini 1, wherein the frequency- 
independent spatial processing is performed by tfie transmitting entity in the time-domain 
on a stream of time-domain chips generated for the data siream by OFDM modulation. 

10. (Previously Presented) Themethod of claim 1, wherein the frequency- 
independent spatial processing is performed by the transmitting entity in the frequency- 
domain for each of a plurahty of subbands on data symbols generated for the data stream. 

1 h (Previously Presented) The method of claim I, further comprising: 

obtaining, from the plurality of channel response matrices, a plurality of channel 

response vectors for each of a plurality of receive antennas at a receiving entity^ and 

deriving a matched filter for each of the plurality of receive antenna$ based on the 

at least one steering vector and the plurality of channel response vectors for the respective 

receive antenna. 

12. (Previously Presented) The method of daim 11, wherein the matched filter 
for each of the plurality of receive antennas is used to maximize received signal-to-noise 
ratio (SNR) for the respective receive antenna. 

1 3 . The method of claim 1 1 , further comprising: 

filtering a plurality of received symbol streams for the plurality of receive antennas with 
the plurality of matched filters. 

14. (Previously Presented) The method of claim 13, wherein the plurality of 
channel response matrices comprise a plurality of channel impulse response matrices for a 
plurality of time delays of a channel impulse response of the MIMO channel, and wherein 
the filtering is performed in the time domain with a plurality of time-domain matched 
filters derived for the plurality of receive antennas based on the at least one steering 
vector and the plurality of channel impulse response matrices. 

Attorney Docket No.: 030278 

CttsxomGr No.: 23696 4 



PA6E17H7'RCVDAT11/2»200$2:32:2SPM (Eastern standard rimel'SVR:^ 



llov-28-05 n : 27ain F r on-QUALCOMM AF-21 OA 



858-845-2550 



T-952 P. 007/022 F-765 
PATENT 



15. (Previously Presented) The method of daim 13, wherein the plurality of 
channel response matrices comprise a plurality of channel frequency response matrices 
for a channel frequency response for a plurality of suhbands of the NDMO channel, and 
wherein the filtering is performed in the frequency domain with a plurality of frequency- 
domain matched filters derived for the plurality of receive antennas based on the at least 
one steering vector and the plurality of channel frequency response matrices. 

1 6. (Previously Presented) The method of claim 1 , wherein one steering vector 
is obtained and used by the transmitting entity for frequency-independent spatial 
processing of one data stream. 

1 7. (Previously Presented) The method of claim 1 6, further comprisijlg: 
deriving a matched filter for each of a plurality of receive antennas at a receiving 

entity based on the one steering vector and a plurality of channel response vectors for the 
receive antenna> wherein the plurality of channel response vectors for each receive 
antenna are obtained from the plurality of channel response matrices, 

filtering a plurality of received symbol streams for the plurality of receive 
antennas with the plurality of matched filters to obtain a plurality of filtered symbol 
streams; and 

combining the plurality of filtered symbol streams to obtain a detected symbol 
stream for the one data stream sent by the transmitting entity. 

18. (Previously Presented) The method of daim 17, further comprising: 
performing equalization on the detected symbol stream to obtain a recovered 

symbol stream &r the one data stream. 

1 9. (Previously Presented) The method of claim 1 , \v1ierein a plurality of 
steering vectors are obtained and used by the transmitting entity for frequency- 
independent spatial processing of a plurality of data streams sent on a plurality of spatial 
chaimels associated with the plurality of steering vectors. 
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20. (Previously Piesented) The method of claim 1 9, further comprising: 
deriving a matched filter for each of a plurality of receive antennas at a receiving 

eatity based on the plurality of steering vectors and a plurality of channel response vectors 
for the receive antenna, wherein the plurality of channel response vectors for each receive 
antenna are obtained from the plurality of channel response matrices, 

filt^g a plurality of received symbol streams for the plurality of receive 
antennas with the plurality of matched filters to obtain a plurality of filtered symbol 
substrean:is; and 

combining the plurality of filtered symbol substreams to obtain a plurality of 
detected symbol streams for the plurality of data streams sent by the transmitting entity. 

2 1 . (Previously Presented) The method of claim 20, further comprising: 
perforaiing space-time equalization for the plurality of detected symbol streams to 

obtain a plurality of recovered symbol streams for the plurality of data streams, 

22. (Previously Presented) The method of claim 2 1 , wherein the space-time 
equalization is perfonned with a minimum mean square error linear equalizer (MMSE- 
LE), a decision feedback equalizer (DFE), or a maximwn likelihood sequence estimator 
(MLSE). 

23 . (Previously Presented) An apparatus in a wireless multiple-input multiple- 
output (MIMO) communication system, comprising: 

a chaTiucl estimator to obtain a pliurality of channel response matrices for a 
channel req)onse of a MIMO channel in a MIMO system; and 

a controller to compute a correlation matrix for the MIMO channel based on the 
plurality of channel response matrices and to decompose the coirelation matrix to obtain 
at least one steering vector for at least one spatial channel of the MIMO channel, wherein 
the at least one steering vector is used by a transmitting entity for frequency-independent 
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spatial processing of a data stream sent on the at least spatial channel associated with the 
at least one steering vector, 

24. (Previously Presented) The apparatus of claim 23, wherein the controller 
computes a correlation matrix of eadi of the plurality of channel response matrices to 
obtain a plurality of correlation matrices for the plurality of channel response matrices, 
and to sum the plurality of correlation matrices to obtain the con^ation matrix for the 
MIMO channel. 

25. (Previously Presented) The apparams of claim 23 , wherein the plurality of 
channel response matrices comprise a plurality of channel impulse response matrices for a 
plurality of time delays of a channel impulse response of the MIMO channel, and wherein 
the controller determines energy of each of the plurality of channel impulse response 
matrices and computes a correlation matrix of a channel impulse response matrix with 
highest energy among the plurality of channel impulse response matrices to obtain. 

26. (Previously Presented) The apparatus of claim 23, furth^ comprising: 

a plurality of matched filters for a plurality of receive anteimas, one matched filter 
for each receive antenna, each matched filter is used to filter a received symbol stream for 
an associated receive antenna to obtain a filtered symbol stream, wherein the matched 
filter for each receive antenna is derived based on the at least one steering vector and a 
plurality of channel response vectors for the receive antenna, and wherein the plurality of 
channel response vectors for each receive antenna are obtained from the plurality of 
channel response matrices; and 

a combiner to combine a plinality of filtered symbol streams fi^om the plurality of 
matched filters to obtain at least one detected symbol stream for at least one data stream 
sent by the transmitting entity. 

27. (Previously Presented) An apparatus in a wireless multiple-input multiple- 
output (MIMO) communication system, comprising: 
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means for obtaining a plurality of channel response matrices for a channel 
response of a MIMO channel in the MIMO system; 

means for computing a correlation matrix for the MIMO channel based on the 
plurality of channel response matrices; and 

means for decomposing the correlation matrix to obtain at least one steering 
vector for at least one spatial channel of the MIMO chaimel, wherein the at least one 
steering vector is used by a transmitting endiy for frequency-independent spatial 
processing of a data stream sent on the at least one spatial channel associated with the at 
least one steering vector, 

28. (Previously Presented) The apparatus of claim 27, wherein the means for 
computing the correlation matrix includes: 

means for computing a correlation matrix of each of the plurality of channel 
response matrices to obtain a plurality of correlation matrices for the plurality of channel 
response matrices, and 

means for summing the plurality of correlation matrices to obtain the correlation 
matrix for the MIMO chaimel. 

29. (Previously Presented) The apparatus of claim 27, wherein the plurality of 
channel response matrices comprise a plurality of channel impulse response matrices for a 
plurality of time delays of a channel impulse response of the MIMO channel. 

30. (Previously Presented) The apparatus of claim 29, wherem the means for 
computing die correlation matrix includes: 

means for determining ^ergy of each of the plurality of channel impulse response 
matrices, and 

means for computing a correlation matrix of a channel impulse response matrix 
with highest energy among the plurality of channel impulse response matrices to obtain 
the correlation matrix for the MIMO channel. 
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3 1 . (Previously Presented) A processor readable media for storing instructions 
operable to: 

receive a plurality of channel response matrices for a channel response of a 
multiple-input multiple-output (MIMO) channel in a MIMO system; 

compute a conrelation matrix for the MIMO channel based on the plurality of 
channel response matrices; and 

decompose the correlation matrix to obtain at least one steering vector for at least 
one spatial channel of the MIMO channel, wherein the at least one steering vector is used 
by a transmitting entity for frequency-independent spatial processing of a data soream sent 
on tiie at least one spatial channel associated with the at least one steering vector. 

32. (Previously Pr^ented) The processor readable media of claim 3 1 and 
further storing instructions operable to: 

compute a correlation matrix of each of the plurality of channel response matrices 
to obtain a plurality of correlation matrices for the plurality of channel response matrices; 
and 

sum the plurality of correlation matrices to obtain the conrelation matrix for the 
MIMO channel. 

33. (Previously Presented) The processor readable media of claim 3 1 , wherein 
the plurality of channel response matrices comprise a plurality of channel impulse 
response matrices for a plurality of time delays of a channel impulse response of the 
MIMO channel. 

34. (Previously Presented) The processor readable media of claim 33, and 
further storing instructions operable to: 

compute energy of each of the plurality of channel impulse response matrices; and 
compute a correlation matrix of a channel impulse response matrix with highest 

energy among the plurality of chaimel impulse response matrices to obtain the correlation 

matrix for the MIMO chaimel. 
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3 5 . (Previously Presented) A method of performing spatial processing in a 
multiple-input multiple-output (MIMO) communication system, comprising: 

obtaining a pliiraUty of chaimel impulse response matrices for a MIMO channel in 
the MIMO system, wherein the plurality of channel impulse response matrices comprise a 
plurality of time delays of a channel impulse response of the MIMO channel; 

computing energy of each of the plurality of channel impulse response matrices; 

identifying a channel impulse response matrix with highest energy among the 
plurality of channel impulse response matrices as a channel impulse response matrix for a 
main path of the MIMO channel; 

computing a correlation matrix of the channel impulse response matrix for the 
main path; and 

decomposing the correlation matrix to obtain a steering vector for a spatial 
channel of the main path, wherein the steering vector is used by a transmitting entity for 
frequency-independent spatial processing of a data stream sent via the MIMO channel. 

36. (Previously Presented) The method of claim 35, wherein eigenvalue 
decomposition of the correlation matrix for the main path is performed to obtain the 
steering vector for the spatial channel of the main path. 

37. (Previously Presented) The method of claim 35, further comprising: 
deriving a matched filter for each of a plurality of receive antennas at a receiving 

entity based on the steering vector and a plurality of chaimel impulse response vectors for 
the receive antenna, wherein the plurality of channel impulse req}Onse vectors for each 
receive antenna are obtained from the plurality of channel impulse response matrices; and 

filtering a plurality of received symbol streams for the plurality of receive 
antennas with the plurality of matched filters. 

38. (Previously Presented) A method of performing spatial processing in a 
wireless communication system with a plurality of transmit antennas at a transmitting 
entity and a plxurality of receive antennas at a receiving entity, the method comprising: 
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obtaining a plurality of sets of channel response vectors for the plurality of receive 
antennas, one set for each receive antenna, wherein each set of channel response vectors 
is indicative of a channel response between the plurality of transmit antennas and one of 
the plurality of receive antennas; 

computing a correlation matrix for each of the plurality of receive antennas based 
on the set of channel response vectors for the receive antenna; and 

decomposing the correlation matrix for each receive antenna to obtain a steering 
vector for the receive antenna, wherein a plurality of steering vectors are obtained for the 
plurality of receive antennas and the plurality of steering vectors are used by the 
transmitting entity for frequency-independent spatial processing of at least one data 
stream sent to the receiving entity. 

39. (Previously Presented) The method of claim 38, wherein the computing the 
correlation matrix for each receive antenna includes: 

computing a correlation matrix of each of the plurality of cbarmel response 
vectors for the receive antenna to obtain a plurality of correlation matrices for the 
plurality of channel response vectors for the receive antenna, and 

summing the plurality of correlation matrices for the plurality of channel response 
vectors for the receive antenna to obtain the cozrelation matrix for the receive antenna. 

40. (Previously Presented) The method of claim 38, further comprising: 
deriving a matched filter for each of the plurality of receive antomas based on the 

steering vector and the set of channel response vectors for the receive antenna; 

filtering a received symbol stream for each of the plurality of receive antennas 
with the matched filter for the receive antenna to obtain a filtered symbol stream for the 
receive antenna; and 

combining a plurality of filtered symbol streams for the plurality of receive 
antennas to obtain at least one detected symbol stream for the at least one data stream sent 
by the transmitting entity. 
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41. (Previously Presented) The method of claim 38, wherein one data stream is 
sent by the transmitting entity to the plurality of receive antennas using the plurality of 
steering vectors. 

42. (Previously Presented) The method of claim 38, wherein a plurality of data 
streanis are sent by the transmitting entity to die plurality of receive antennas using the 
plurality of steering vectors. 

43 . (Previously Presented) The method of claim 42, further comprising: 
deriving a matched filter for each of the plurality of receive antennas based on the 

steering vector and the plurality of channel response vectors for the receive antenna, 
wherein a plurality of matched filters are derived for the plurality of receive antennas; 

filtering a plurality of received symbol streams for the plurality of receive 
antennas with the plurality of matched filters to obtain a plurality of filtered symbol 
streams; and 

combining the plurality of filtered symbol streams to obtain a plurality of detected 
symbol streams for the plurality of data streams sent by the transmitting entity. 

44. (Previously Presented) The method of claim 43 , further comprising: 
performing space-time equalization on the plisrality of detected symbol streams to 

obtain a plurality of recovered symbol streams for the plurali^ of data streanis. 

45. (Previously Presented) An apparatus in a wireless communication system 
with a plurality of transmit antennas at a transmitting entity and a plurality of receive 
antennas at a receiving entity, the apparatus comprising: 

a channel estimator to obtain a plurality of sets of channel response vectors for the 
plurality of receive antennas, one set for each receive antenna, wherein each set of 
channel response vectors is indicative of a channel response between the plurality of 
transmit antennas and one of the plurality of receive antennas; and 
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a controller to compute a coirelation matrix for each of the plurality of receive 
antennas based on the set of channel response vectors for the receive antenna and to 
decompose the single correlation matrix for each receive antenna to obtain a steering 
vector for the receive antenna, wherein a plurality of steering vectors are obtained for the 
plurality of receive antennas and the plurality of steering vectors are used by die 
transmitting entity for frequency-independmt spatial processing of at least one data 
stream sent to the receiving entity. 

46. (Previously Presented) The apparatus of claim 45, wherein the controller 
computes a correlation matrix of each of the plurality of channel response vectors for 
each receive antenna to obtain a plurality of correlation matrices for the plurality of 
channel response vectors for the receive antenna and to sum the plurality of correlation 
matrices for the plurality of channel response vectors for the receive antenna to obtain the 
correlation matrix for the respective receive antenna. 

47. (Previously Presented) The apparatus of daim 45, wherein the controller 
derives a matched filter for each of the plurality of receive antennas hased on the steering 
vector and the set of channel response vectors for the respective receive anterma. 

48. (Previously Presented) The apparatus of claim 47, further comprising: 

a plurality of matched filters for the plurality of receive antennas, one niatched 
filter for each receive antenna, each matched filter is used to filter a received symbol 
stream for the associated receive antenna to obtain a filtered symbol stream; and 

a combiner to combine a plurality of filtered symbol streams firom the plurality of 
matched filters to obtain at least one detected symbol stream for the at least one data 
stream sent by the transmitting entity. 

49. (Previously Presented) An apparatus in a wireless communication system, 
comprising: 
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means for obtaining a plurality of sets of channel response vectors for a plurality 
of receive antennas^ one set for each receive antenna, wherein each set of channel 
response vectors is indicative of a diannel response between a plurality of transmit 
antennas and one of the plurality of receive antennas; 

means for computing a correlation matrix for each of the plurality of receive 
antennas based on the set of channel response vectors for the respective recdve antenna; 
and 

means for decomposing the single correlation matrix fox each receive antenna to 
obtain a steering vector for the respective receive antenna, wherein a plurality of steering 
vectors are obtained for tbe plurality of receive antennas and are used by a transmitting 
entity for frequency-independent spatial processing of at least one data stream sent to a 
receiving entity, 

50. (Previously Presented) The apparatus of claim 49, further comprising: 
means for computing a correlation matrix of each of the plxirahty of channel 

response vectors for each receive antenna to obtain a plurality of correlation matrices for 
' the plurality of channel response vectors for the receive antenna, and 

means for summing the plurality of correlation matrices for the plurality of 
channel response vectors for each receive antenna to obtain the correlation matrix for the 
respective receive antenna. 

5 1 . (Previously Presented) The apparatus of daim 49, further comprising: 
means for deriving a matched filter for each of the plurality of receive antennas 

based on the steering vector and the set of channel response vectors for the respective 
receive antenna; 

means for filtering a received symbol stream for each of the plurality of receive 
antennas with die matched filter for the receive antenna to obtain a filtered symbol stream 
for the respective receive anteima; and 
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means for combiniiig a plurality of filtered symbol streams for the plurality of 
receive antennas to obtain at least one detected symbol stream for the at least one data 
stream sent by the transmitting entity. 

52 . (Previously Presented) A computer-readable media for storing instructions 
operable to: 

receive a plurality of sets of channel response vectors for a plurality of receive 
antennas, one set for each receive antenna, wherein each set of c hann el response vectors 
is indicative of a channel response between a plurality of transmit antennas and one of the 
plurality of receive antennas; 

compute a correlation matrix for each of the plurality of receive antennas based on 
the set of channel response vectors for the respective receive antenna; and 

decompose the correlation matrix for each receive antenna to obtain a steering 
vector for the respective receive antenna, wherein a plurality of steering vectors are 
obtained for the plurality of receive antenna and are used by a transmitting entity for 
frequency-independent spatial processing of at least one data stream sent to a receiving 
entity. 

53 . (Previously Presented) The processor readable media of claim 52 and 
further storing instructions operable to: 

compute a correlation matrix of each of the plurality of channel response vectors 
for each receive antenna to obtain a plurality of correlation matrices for the plurality of 
channel response vectors for the respective receive antenna; and 

sum the plurality of correlation matrices for the plurality of chaxmel response 
vectors for each receive antenna to obtain the correlation matrix for the respective receive 
antenna. 

54. (Previously Presented) The processor readable media of claim 52 and 
further storing instructions operable to: 
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derive a matched filter for each of the plurality of receive antennas based on the 
steering vector and the set of channel response vectors for the respective receive antenna; 

filter a received symbol stream for each of the pluralily of receive antennas with 
the matched filter for the receive antenna to obtain a filtered symbol stream for the 
respective receive antenna; and 

combine a plurality of filtered symbol streams for the plurality of receive antennas 
to obtain at least one detected symbol stream for the at least one data stream sent by the 
transmitting entity. 

55. (Previously Presented) A method of performing spatial processing in a 
multiple-input single-output (MISO) system utilizing orthogonal frequency division 
multiplexing (OFDM), the method comprising: 

obtaining a set of channel response vectors indicative of a channel response 

between a plitrality of transmit antennas at a transmitting entity and a receive anterma at a 

receiving entity in the MiSO system; 

computing a correlation matrix based on the set of channel response vectors; and 
decomposing the correlation matrix to obtain a steering vector used by the 

transmitting entity for fi-equency-independent spatial processing of a data stream sent to 

the receiving entity. 

56. (Previously Presented) The method of claim 55> wherein the frequency- 
independent spatial processing is performed by tlie traasmitting entity in the time-domain 
on a stream of time-domain chips generated for the data stream by OFDM modulation. 

57. (Previously Presented) The method of claim 55, wherein the frequency- 
independent spatial processing is performed by the transmitting entity in the frequency- 
domain for each of a plurality of subbands on data symbols generated for the data stream. 
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58. (Previously Presented) The method of claim 55, further comprising: 
deriving a matched filter based on the steering vector and the set of channel 

response vectors; and 

filtering a received symbol stream with the matched filter to obtain a detected 

symbol stream. 
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